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SPECIFICATION 

METHOD OF IMAGING UQTJID-FILLING CONTAINER AND 
APPARATUS THEREFOR 

5 

T BC H M C ALFffiTJ3 

The present invention relates to a method of imaging a hquid- 
filling container comprising the steps of emitting and irradiating H^t onto 

^ 10 the container by a Kght emitting unit, receiving the light transmitted 

yj through the container by a Kght receiving unit and imaging the container 

based on information about the transmitted Kght. The invention relates 

'ti also to an apparatus for carrjong out the method above, including the hght 

!^ emitting imit and the Kght receiving miit. 



BACKGRQ T JNPAI t T 



The imaging of a Kquid-fillLng container noted above is employed in 
a manufacturing Kne of various beverages such as soft drinks or alcohoKc 

20 beverages in order to inspect whether the amoimt of Kquid as the beverage 
filled in a container made of glass or PET is within a predetermined range 
or not and/or whether any foreign substance is inadvertently mixed in the 
beverage filled in the container or is present in the container or mixed in the 
material forming the container. 

25 According to a conventional method of inspecting beverage by way 

of imaging of a Kquid-filKng container, a Kght emitting unit emits and 
irradiates a visible Hght having a wavelength of 400 to 700 nm onto the 
container to be transmitted through the container and this transmitted 
Kght is received by a Kght receiving unit comprising a CCD camera for 

30 imaging of the container, so that the inspection is effected based on the 
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image whether the surface level of the liquid inside the container is withia a 
predetermined range or not, and/or whether any foreign substance is mixed 
in the beverage or is present ia the container or in the container material or 
not. 

5 Such conventional imaging method as above presents no problem 

when the container or the Hquid/beverage contained therein is transparent 
or nearly transparent. However, the imaging becomes difficult in case the 
container is a colored container especially of a dark color such as black, dark 
green or dark brown or the container has a frosted surface treatment, so 
2 10 that the filled amoimt of the Hquid in the container or absence/presence of 
J^. any foreign substance in the Hquid or in the container or container forming 

N material cannot be detected with high reliability, 

m Namely, if the container has a dark color such as black, dark green 

or dark brown, as shown in a graph of Fig, 4 (transmittance for a glass 
2 15 thicknessof 3 inm), the transmittance ofthe visible hght becomes extremely 

O low. For this reason, when the visible light emitted from the hght eiaoitting 

ru 

O unit is received by the hght receiving unit, the portion of the visible Hght 

travelling outside the container is received substantially as it is or directly 
by the Hght receiving unit, so that the amoxmt of received Hght for this area 

20 outside the container is large, whereas the amount of light corresponding to 
the container is extremely small. 

Then, since the inspection ofthe Hquid surface of the Hquid filled in 
the container or of the absence/presence of any foreign substance in the 
Hquid or in the container or the container material is to be efifected for such 

25 area of extremely limited received Hght amount, the detection error becomes 
significant or the detection of the Hquid surface or mixed foreign substance 
per se becomes very difficult. Conventionally, this problem has been coped 
with by increasing the absolute amount of the visible Hght to be irradiated 
onto the container. With this method, however, there remains a significant 

30 problem in the detection precision. 
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Further, even if the container per qe does not have such dark color 
as black, dark green or dark brown, if the liquid filled therein has a dark 
color, then, the detection of foreign substance in the Kquld becomes 
impossible. Moreover, if fine bubbles generated in association with the 
5 filling operation of the Hquid are present near the hqvdd surface, the amoimt 
of Kght transmitted through the bubbles will be small due to the effect of 
diffused reflection of the hght by the bubbles cind also the amoimt of light 
transmitted through the Hquid portion wOl be limited, so that 
discrimination therebetween is difficult, thus impeding rehable detection of 
10 the Kquid surface. Also, if the foreign substance is present near the 
bubbles, the detection of this mixed substance too can become impossible. 
]^ The present invention has addressed to such problems of the prior 

ffl art as described above. A piimary object of the present invention is to 

E provide a method and an apparatus for ima^g a liquid-filling container 

^ 15 which method and apparatus assure reliable detection of the surface of 
51 liquid filled in a container or of foreign substance mixed in the hquid or 

p present in the container or the coiitainer material not only when the 

ni 

container is transparent, but also when the container is a colored container 
of a dark color such as black, dark green or dark brown or the container has 
20 a frosted surface or when' the hquid filled in the container has a dark color. 

D L SCLOSTJ RI S O F TBE XNYENTION 

For accomplishing the above object, according to the characterizing 
25 feature relating to claims 1 and 9, as shown in Figs. 1 and 2 for example, in 
the method or the apparatus for imaging a liquid-filling container, there are 
provided a Hght emitting unit 2 and a hght receiving imit 3. The Kght 
emitting unit 2 emits and irradiates light onto the container B and the hght 
receiving unit 3 receives the hght transmitted through the container for 
30 imaging thereof. The hght emitting unit 2 emits and irradiates a near 
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infrared light as said light for imaging the container B. 

With this characterizing feature, near in&ared light is transmitted 
by the light emitting unit and this transmitted light is received by the light 
receiving unit for imaging the hquid-fiUing container. Therefore, the 
5 portion of the near infrared light travelling outside the container is received 
substantially directly by the light receiving xmit, so that the amount of 
received hght for the area outside the container is large. However, as may 
be apparent from the graph in Fig. 4, even if the container has a dart color 
such as black, dark green or dark brown or if the filled hquid has a dark 

10 color or even if the container has a surface frosting treatment, there occurs 
no significant reductiou in the transmittance of the near infrared li^t 
through the hquid-filling container. So that, significant reduction in the 
received li^t eunoxmt for the area corresponding to the liquid-filling 
container may be avoided advantageously. 

15 Accordingly, various lands of detection for the area corresponding 

to this container of the liquid surface level or of any foreign substance mixed 
into the liquid or present in the container or the container material are 
made possible. As a residt, the various conditions of the Hquid-filling 
container can be reliably detected, regardless of the color of the container or 

20 the color of the hquid or regardless of presence/absence of bubbles near the 
liquid surface. 

Incidentally, for imaging a hquid-filling container by irradiating 
hght from the hght emitting unit onto the container and receiving the 
transmitted hght by the hght receiving tmit, according to the present 

25 invention, the amount of received hght at the area corresponding to the 
container is positively increased so as to reduce the difference in the 
received hght amovmts relative to that of the area corresponding to the 
outside of the container thereby to improve the detection precision. By 
irradiating the near infrared Hght alone or a greater amount of near 

30 infrared hght component than visible hght component of the hght, a 
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sufficient amount of near infrared light may be transmitted, depending on 
the color of the container or the color of the liquid filled therein. 

According to the characterizing feature relating to claims 2 and 10, 
the K^t emitting xmit 2 comprises a light emitter 2A and a cut filter 5 for 
5 filtering light from the light emitter 2 A so as to transmit only near infrared 
light component of the H^t or a greater amount of near infcared light 
component than visible hght component of the Hght. 

With this characterizing feature, the li^t emitting unit includes a 
^ Hght emitter and a cut filter for filtering Hght from the Hght emitter so as to 

10 selectively transmit only near infrared Hght component of the Hght or a 
yJ greater amovmt of near infrared Hght component than visible Hght 

iO component of the Hght. Thus, when e.g. a relatively special near-infrared 

emitter is employed as the Hght emitting unit, there is no need of employing 
any special construction as the Hght receiving unit. So that, the invention 
^ 15 may be embodied, with using a Hght emitter, a Hght receiver and a cut filter 
rU which are relatively inexpensive. 

According to the characterizing feature relating to claims 3 and 11, 
as shown in Figs. 1 and 2 for example, in the method or the apparatus for 
imaging a Hquid-filling container, there are provided a Hght emitting unit 2 
20 and a Hght receiving unit 3. The Hght emitting unit 2 emits and irradiates 
Hght onto the container B and the Hght receiving unit 3 receives the Hght 
transmitted through the container for imaging thereof. The H^t receiving 
unit 3 receives a near infrared Hght as said Hght for imaging the container 
B. 

25 With this characterizing feature, the Hquid-filHng container is 

imaged by receiving near infrared Hght by the Hght receiving unit. 
Therefore, the Hght receiving unit receives the near infrared Hght both as 
the Hght passing outside the Hguid-filling container or the Hght passing 
through the Hquid-filHng container. Hence, there occtirs no significant 

30 reduction in the received Hght amoimt for the area corresponding to the 
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liqvdd'fining container relative to the received light amount for the area 
corresponding to the outside of the container even if the container has a 
dark color such as black, dark green or dark brown, or if the container has a 
frosted surface treatment or even if the filled Hquid has a dark color. Then, 
5 various kinds of detection for the area corresponding to this container of the 
hquid surface level or any foreign substance mixed into the hquid or present 
LQ the container or the container material are made possible. As a result, 
the various conditions of the hquid-fiUing container can be reUably detected, 
regardless of the color of the container or the color of the Kquid or regardless 
'% 10 of presence/absence of bubbles near the Hquid surface. 

Incidentally, for imaging a Hquid-filling container by receiving the 

yj 

N transmitted hght by the Ught receiving unit, according to the present 

■gs invention, the amount of received hght received by the hght receiving unit 

at the area corresponding to the container is positively increased so as to 
r? 15 reduce the difference in the received hght amovtats relative to that received 
y by the hght receiving unit of the area corresponding to the outside of the 

O container thereby to improve the detection precision. As the hght receiving 

unit receives the near infrared hght alone or a greater amoimt of near 
infrared hght component than visible light component of the hght, a 
20 suf&cient amount of near infrared Hght may be received, depending on the 
color of the container or the color of the hqviid filled therein. 

According to the characterizing feature relating to claims 4 and 12, 
as shown in Fig, 2 for example, the hght receiving imit 3 comprises a cut 
filter 5 for filtering the hght transmitted through the container so as to 
25 transmit only near infrared component of the hght or a greater amount of 
near infrared hght component than visible hght component of the hght and 
a hght receiver 3A for receiving the hght transmitted through the cut filter 
5. 

With this characterizing feature, the h^t receiving unit includes a 
30 cut filter for filtering hght the hght transmitted through the container so as 
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to transmit only near infrared component of the light or a greater amount of 
near infrared light component than visible light component of the Hght and 
a hght receiver for receiving the hght transmitted through the cut filter. 
Therefore, there is no need of employing a special construction as the Hght 
5 receiving unit or no need of employing a relatively special near-infrared 
hght emitter as the light emitting unit. As a result, the invention may be 
embodied, with using a hght emitter, a Hght receiver and a cut filter which 
are relatively inexpensive. 

According to the characterizing feature relating to claims 5 and 13, 

10 as shown in Figs. 1 and 2 for example, the Hght emitting unit 2 and the hght 
receiving luiit 3 are disposed so as to enable imaging of a container B which 
is conveyed one after another along a conveying line 1. 

With this characterizing feature, the Hght emitting unit and the 
Hght receiving unit are disposed so as to enable imaging of a container 

15 which is conveyed one after another along a conveying line. Therefore, it is 
possible not only to continuously image a nxmiber of Hquid-filling containers 
conveyed one after another, but also to image and detect e.g. the filled 
condition in each Hquid-filling container in a continuous and rehable 
manner even when containers of various colors or containers containing 

20 Hquids of various colors are present in a mixed state. 

According to the characterizing feature relating to daims 6 and 14, 
as shown in Figs, 1 and 2 for example, there is provided a method or an 
apparatus for detecting an amount of Hquid W filled in the container B, 
which comprises the method according to any one of daims 1-5. or the 

25 apparatus according to any one of daims 9-13 

With this characterizing feature, the method according to any one 
of daims 1-5 or the apparatus according to any one of daims 9-13 detects an 
amount of Hqidd filled in the container. Then, the detection for the area 
corresponding to this container of the Hquid surface level is made possible. 

30 As a result, the detection of the Hquid level can be effected reHably, 
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regardless of the color of the container or the color of the Hquid or reg^ardless 
of presence/absence of bubbles near the liquid stuface. 

According to the characterizing feature relating to claims 7 and 15, 
as shown in Figs. 1 and 2 for example, there is provided a method or an 
5 apparatus for detecting any foreign substance present in the liquid filled in 
the container, which comprises the method according to any one of claims 1- 
5 or the apparatus according to any one of claims 9-13 

With this characterizing feature, the method according to any one 
of claims 1-5 or the apparatus according to any one of claims 9-13 detects 

10 any foreign substance present in the hquid filled in the container. Then, 
the detection for the area corresponding to this container of the foreign 
substance mixed in the hquid is made possible. As a result, the detection of 
the foreign substance mixed in the hquid can be effected rehably, regardless 
of the color of the container or the color of the hquid or regardless of 

1 5 presence/absence of bubbles near the hquid surface. 

According to the characterizing feature relating to claims 8 and 16, 
as shown in Figs. 1 and 2 for example, there is provided a method or an 
apparatus for detecting any foreign substance present in the container B or 
in a material forming the container B, which comprises the method 

20 according to any one of claims 1-5 or the apparatus according to any one of 
claims 9-13 

With this characterizing featiure, the method according to any one 
of claims 1-5 or the apparatus according to any one of claims 9-13 detects 
any foreign substance present in the container or in a material forming the 

25 container. Then, the detection for the area corresponding to this container 
of the foreign substance mixed in the container material is made possible. 
As a result, the detection of the foreign siibstance mixed in the container 
material can be effected rehably, regardless of the color of the container or 
the color of the hqtiid or regardless of presence/absence of bubbles near the 

30 hquid surface. 
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Incidentally, in the above description, reference marks arid 
niimerals were employed for facilitating reference to the accompanying 
drawings. It is understood that the provision of these marks and numerals 
is not to limit the invention to the constructions shown in the drawings. 

5 

BRIBE DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing an apparatus for imaging a 
liquid-filling container relating to a first emhoditnent of the present 
10 invention, 

Fig. 2 is a perspective view showing an apparatus for imaging a 
^ hquid-filling container relating to a second embodiment of the invention, 

^ Fig. 3 is a graph showing characteristics of a CCD camera, and 

Fig. 4 is a graph showing transmittance of hght. 

m PEST MOPES OF EM BQP W G TH E INVENTION 

Preferred embodiments of a method and an apparatus relating to 
the present invention for imaging a Hquid-fiUing container will be described 

20 next with reference to the accompanying drawings. 

These method and apparatus for imaging a Hquid-filh'ng container 
are for use in e.g., a manufacturing or bottling hne of a bottled beverage 
such as soft drinks or alcohohc beverages, wherein the method or the 
apparatus is employed for inspecting whether the container or bottle filled 

25 with beverage in the foregoing process contains a predetermined fiUed 
content of the beverage or not or whether any foreign substance or object 
other than the beverage may be present inside the filled bottle or not or 
whether any foreign matter or substance may be present within the 
material forming the botde or not. Such manufacturing Kne, as shown in 

30 Figs. 1 and 2, include a transfer conveyer 1 for conveying a pliurality of 



9 



liquid-filled glass containers or bottles B one after another. 

The transfer conveyer 1 conveys, to a predetermined position, 
each liquid-filling container B which was fiQed, in the foregoing stage of the 
process, with beverage W as a hqnid by an urdllnstrated filling device and 
5 then fitted atop with a cap C by an xmillustrated capping device. Across 
this conveyer 1 and in opposition to each other, there are disposed a light 
emittiag tirdt 2 and a light receiving unit 3 together constituting an imaging 
apparatus. 

The light receiving unit 3 is connected with a controller 4, so that 

10 light emitted ficrom the Hght emitting unit 2 is irradiated onto each hquid- 
fiUing container B to be transmitted therethrough to be then received by the 
hght receiving unit 3 and based on the information about this received hght 
determination is made by the controller 4 as to whether the amount of the 
beverage W filled inside each hquid-filling container B is within a 

15 predetermined range or not, whether any foreign substance is present 
within the filled beverage W or not and also whether any foreign substance 
is present within the material forming the hquid-filhng container B or not. 

According to a first embodiment of the invention, as shown in Fig. 1, 
the h^t emitting unit 2 comprises a h^t emitter 2 A and on the fi:ont side 

20 of this hght emitter 2 A there may be provided a diffiiser plate 6 formed of an 
acrylic plate having a milty-white color. 

The Hght emitter 2A may comprise e.g. a plurahty of LED 2a 
arranged in a plate-Kke form. These plurality of LED 2a emit a hght of a 
predetermined wavelength ranging from 700 nm to 900 nm, preferably from 

25 750 nm to 850 nm, as a near infrared Hght onto the hquid-filhng container 
B being conveyed on the transport conveyer 1. This irradiated Hght may be 
a Hght which consists entirely of hght component having the wavelength 
range of 700 nm to 900 nm, preferably 750 nm to 850 nm or which contains 
such Hght component as a portion thereof. 

30 The Hght receiving unit 3 may comprise e.g., a Hght receiver 3A 
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constituted feom a CCD camera. This light receiver 3A is adapted for 
receiying the near infrared light emitted and irradiated on each Eqnid- 
filling container B. Incidentally, such CCD camera exhibits a lower 
relative sensitivity for the near infrared radiation range than for the visible 
5 light range. However, any CCD cameras can be employed as long as their 
wavelength ranges between 700 nm and 900 mn. 

As described above, according to this first embodiment, the Hght 
emitting unit 2 emits the neeir infrared Kght and after this near infrared 
□ light is transmitted through each liquid- fillin g container B, the transmitted 

^ 10 light is received by the Kght receiving unit 3 comprising the Kght receiver 

. 3A for its imaging of the container. 

^ Thereafter, the information of this received Kght is sent to the 

W controller 4 for determination of the filled amount of the beverage W inside 

Q each Kquid-filling container B, i.e. determination as to whether the Kquid 

^ 15 surface of the beverage W is within a predetermined level or range or not, 
determination as to whether any foreign substance is mixed in the beverage 
nj W or not cUid the determination as to whether any foreign substance is 

mixed within the material forming the container B or not. If any Kquid- 
filling container B is detected to contain more than the predetermined range 
20 of beverage W or any foreign substance mixed ia the beverage W or in the 
material forming the container B, then, a certain appropriate measure will 
be taken, such as automatic removal of this Kquid-filling container B away 
from the conveyer 1 or issuance of an alcirm by means of an alarming device. 

Incidentally, in the case of this first embodiment shown in Fig. 1, 
25 the detection of various conditions is effected on the Kquid-filling container 
B after the container B was filled with beverage W. Alternately, the 
transfer conveyer 1 may be adapted to convey in succession empty 
containers B im-filled with the beverage W. 

In the case of such alternate construction, the near infrared Kght 
30 emitted fi:om the Kght emitting unit 2 is transmitted through the empty 
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liquid-filling container B to be received by the light receiver 3; and based on 
the received transmitted hght, determiaation can be made as to 
presence/absence of any foreiga matter inside the empty container B and 
within the material formings this container B. 

According to a second embodiment of the present invention, as 
shown in Fig. 2, the light receiving unit 3 iadudes not only the hght receiver 
3A comprised of a CCD camera or the hke, but also a hght-receiver cut filter 
5 disposed on the firont side of the light receiver 3 A. 

On the other hand, the hght emitting device 2, like the fiurst 
embodiment described hereinbefore, iududes the hght emitter 2A 
comprised of a plurahty of LED 2a arranged in a plate-hke form and may 
also iadude, if necessary, the diBfuser plate 6 made of a mdlky-white acryhc 
plate. And, the hght beam emitted fi:om the number of LED 2a is 
irradiated onto each Hquid-fiUing container B as beiag conveyed on the 
transport conveyer 1. 

In the above, after the hght is transmitted through each Kquid- 
fiUing container B, this transmitted hght is first filtered by the cut filter 5, 
so that only or mainly its near infrared component having the wavelength 
ranging between 700 nm and 900 nm, preferably between 750 nm and 850 
nm, is received by the hght receiver 3A. 

According to this second embodiment, of the hght emitted from the 
hght emitting unit 2 and then transmitted through each hquid-fiUing 
container B, only or mainly its near infrared hght component, i.e. its near 
infrared component alone or its near infrared component together with a 
certain less amoimt of its visible hght component is received by the hght 
receiving unit 3, more particularly, the hght receiver 3A constituting this 
hght receiving unit 3 . 

Thereafter, hke the foregoing first embodiment, the information 
about this received hght is sent to the controller 4 for determination of the 
filled amotmt of the beverage W inside each hquid-filhng container B, i.e. 
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determination as to whether the Hquid surface of the beverage W is within a 
predetermined range or not, determination as to whether any foreign 
substance is mixed in the beverage W or not and the determination as to 
whether any foreign substance is mixed within the material forming the 
container B or not. By this process, if any hquid-filling container B is 
detected to contain more than the predetermined range of beverage W or 
any foreign substance mixed in the filled beverage W or in the material 
forming the container B, then, such appropriate measure as exemphfied 
above will be taken. 

In addition, in this second embodiment shown in Fig, 2 too, the 
transfer conveyer 1 may be adapted to convey ia succession empty 
containers B un-fiUed with the beverage W, instead of fOled containers. In 
such case, of the hght emitted from the light emitting unit 2 and then 
transmitted through each empty container B, only or mainly its near 
infrared hght component (i.e. its near infrared component alone or its near 
infrared component together with a certain less amount of its visible hght 
component) is received by the Hght receiving xmit 3 for the determination as 
to presence/absence of any foreign matter inside the hquid-empty container 
B and within the material forming this container B. 

[other embodLcaents] 

(1) in the first and second embodiments described above, the 
single imagLQg apparatus consisting essentially of the hght emitting unit 2 
and the hght receiving imit 3 is employed for simultaneous detection or 
determination regarding the presence/absence of any foreign matter inside 
the hquid-fiUed or hquid-empty container B and within the material 
forming this container B. Alternately, the apparatus may be employed for 
only one detection e,g. the detection of the filled amount of the hqmd or 
beverage W or detection of any foreign substance mixed into the hquid W or 
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into the material forming the container B. 

(2) Jn the first and second embodiments described above, the light 
receiver 2A is constituted from a nimaber of LED 2a arranged in a plate-like 

5 format. In the first embodiment, it is also possible to adapt the hght 
emitting imit 2 per se to emit the near infrared hght, by e.g. forming the 
unit of a near-infrared Hght emitting diode. Further, in such modified 
construction of the first embodiment in which the hght emitting unit 2 per 
se emits the near infrared light, the hght, the hght receiving unit 3 may be 

10 comprised of the light receiver 3A and the Hght-receiver cut filter 5. 

Moreover, if the invention is embodied with using a hght emitter 
element or device emitting hght of a wide range of wavelength, such as a 
conventional incandescent electric lamp, a fluorescent lamp, a stroboscopic 
lamp, etc., and if such hght emitting unit additionally includes a difEuser 

15 plate on the front of this hght emitter, a hght-emitter cut filter may be 
provided in front of or behind it for selective transmission of a 
predetermined wavelength hght component. 

(3) In the foregoing embodiments described above, a glass bottle is 
20 used as the hquid-filling container B. The invention is not hmited thereto. 

The invention may find utihty also for other types of containers or bottles 
made of other material such as a synthetic resin, exemplified by a PET 
bottle. Also, in this invention, the type of Hquid W is not particularly 
limited to the beverage. The invention is useful for any other kind of hquid 

25 than beverages. 

Further, in the foregoing embodiments, the invention is apphed in 
a manufactmdng line wherein a plurahty of hquid-filJing containers B or 
bottles are conveyed in succession. Instead, the invention may be apphed 
also for detecting the filled amount or mixing of a foreign substance into the 

30 hquid or the container forming material for each individual container filled 
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with liquid or empty container. 

INDUSTRIAL APPUCABIUTY 

As described above, the method and apparatus of the invention for 
imaging a liquid-filled container is snitable, in particular, for a 
manufacturing line of various beverages such as soft drinks or alcohohc 
beverages in order to inspect whether the amoimt of liquid as the beverage 
fQIed in the is within a predetermined range or not and/or whether any- 
foreign substance is inadvertently mixed in the beverage filled in the 
container or present in the container or the material forming the container. 



15 



